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Design considerations are discussed ir detail, An efficient
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CHAPTER I
INTRODUCTION

Radar Fundamentals

In its simplest form, a radar system transaits a signal
and vaits for a reflected signal (echo) from a posrible
target. If an echo does exist, it will be similar to the
transmitted signal, though sexhibiting some differences.
Information about the target's location, size, velocity, and
direction of movement can be extracted from these differences.
If on the other hand, there is no echo, it is assumed that no
target exists (in that direction) and the signal is transmitted
in another direction (Tzannes 1983).

The radar equation is used to determine the maximum range
at vwhich a target can be detected. If the system emits a signal
with initial average power of PT watts and meets an object st

& distance R from the radar, the return pover of the echo, P

RQ
is given by
P
T
P, =K~ (1)
R R‘

vhere K depends on various other parameters of the system such

as targe: cross section and antenns gein., A useful form cf the

I
e )
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radar equation is found by denoting the minimum detactable power

by s-in' and solving for R,
1
KPT 4 (2)
R __= () 2
nax snin

where Rnnx rapreseants the maximum range of the system (Tzannes
1983) .

Range information is found by transmitting a pulse and
measuring the time delay, At, between the transmitted and
received pulse. Since electromagnetic energy travels at the

speed of light, ¢, the distance to the target will be

R - St T
wvhere the factor of 2 accounts for the round trip (Cook and
Bernfeld 1967).

To measure this delay, a distinct point of roference is
required. Though the heginning or end of the pulse may have
sharp edges for reference, these edges become rounded or obscured
wvhen band-limited or in the presence of noise. To minimize the
range error, the time cross-correlation function of the inco.ing
ecio signal with the original pulse is taken using s matched
filLer, which maximizes the signal to noise ratio (SNR) in the
prescice of white Gaussian noise. This implies that s dir net

point of reference must be present at the output of the matched



filter. Good range resolution requires the output of the matched
filter to have a high sharp pesk, and only a single pesk, 830 that
& number of targets can be distinguished from one another
(Rihaczeak 196%).

A very narrow pulse would possess the charscteristics needed
for good range resolution, but due to power limitations in the
tzansaitter, the maximum range detection capability would be
linited. Hence, in order to meet range requirements, the radar
system designer seems to be faced with a trade-off. This
trade-off is reduced using pulse compression techniques, vhich is
another significant advantage of using matched filters., The
pulse can actually be made as wide s necessary to meet range
requirements, then coded with wideband modulation information to
meet the range resolution requirement (Cook and Bernfeld 1967).

If a target is moving toward a radar systeam, then
the {requency of the return sigral will be higher than that of
the transmitted signal., Similarly, if the target is movirg
svay from the radar, the frequency of the return signal will be

lover than that of the transmitted signal. This phenomenon is

known as the Doppler effect and the amount of change in frequency
(fD). is used to compute the target's radisl velocity (vt). It
Ve is mach less than the speed of light, the doppler frequancy is

approximated by

fh"T f (4)
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vhere ft represents the transmission frequency (Wheeler

1967).

Linear FM
The most common forn of pulse compreasion used in modern
rader systems is linear frequency modulation (chirp), vhich is
readlized by linearly varying the carrier frequency of the FN
vaveform during the interval of the pulse. Chirp radar provides

good range and velocity meaturements, as well as resolution

(Tzannes 1983). Range requirements (within limits) can be met by

increasing the width of the transmitted pulse. Using matched
filters, this can be accomplished without sscrificing bandwidth,
Though it would seem that chirp offers all the desired
characteristics of a radar aignal, this is not the case. It
measures range very well when the target is not moving (no
Doppler shifts), but vhen the target is moving, range cannot be
calculated directly. Though this range error can be accounted
for wvhen there is only one target, it becomes a problem when
there are a number of targets within one pulse period with
differing velocities. Therefore, chizp radsr is wmost suitable
for applications where the expected differences in velocity are
relatively small during any single pulse period (Cook and
Dernfeld 1967). Another disadvantsge of the chirp radar is ‘that
the autocorrelation time sidelobes ore reclatively high, which

could cause range rusolution problems (Booher 1985).
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Non-Linear FM

Many approaches have been investigated in an effort to
minimize the problems inherent to linear FM. One such approach
is to vary the Zrequency of the transmitted pulse in a non-linear
fashion (non-lincar FM). Work done by Booher suggests there may
be some merit in varying the pulse frequency using the Blackman
s function as the modulating waveform. He showed that under
certain conditions, this new non-linear FM could perfcrm better
than linear FM when range resolution is of primary concern
(Booher 1985). This pulse is further investigated to see if a
vider renge of velocities can be detected without introducing

significant range error due to Doppler shifts,

SAW Devices

Surface acoustic wave (SAW) technology cffers a means of
processing complex waveforms onto devices that are much smaller
and more reliable than previous techniques. The planar nature
of SAW devices allows them to be fabricated using standard
lithography technijues used by the semiconductor Zndustry, This
process is highly repeatable and relatively inexpensive.

Impulse response model design techniques (Hartmann, Bell
and Rosenfeld 1973) are used in order to provide a straiéht—

forward appv.ach to producing sample devices which implement buth

linear FM and the new non-linear FM pulse coupression waveforms,




Design considerationes and implementation procedures are presented

in detail.
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CHAPTER IIX

OBJECTIVE OF PROPOSED WORK

The objective of this thesis is to further invesiipate

A the characteristics of the new non-linear FM waveform introduced

by Booher. SAW devices will be designed and photomasks will be
genérated using both linear FM and the new non-linear FM
function. Additionally, V-chirped devices using both linear FM
and the new non-linear FM function will be investigated. Design
considerations will be discussed and computer aided design
software will be written. Comparisons will be made on the
impulse response, frequency response, and matched filter
responses of the filters, The Doppler effect on both linear

FM and the new non-linear FH waveform will be simulated.




CHAPTER III

WAVEFORM DESCRIPTIONS

Using impulse response design techniques, SAW device design
is straightforward if the time waveforms can be sampled
accurately (Hartmann, Bell, and Rosenfeld 1973). This chapter is
concerned with the derivation of the general form of the linear
and new non-linear FM waveforms. Though up-chirped, down-chirped
and V-chirped SAW devices are considered, symmetry arguments are
used (Chapter IV) so only the up-chirped forms of the equations
are necessary. Additionally, plots of the spectra, matched
filter outputs, and spectra of the matched filter outputs for
both linear FM and the new non-linear FM are presented. With the
exception of figures 1 and 2, the plots provided in this chapter
vere accomplished using the FFT and graphic capabilities of the
surface acoustic wave computer aided design program (SAWCAD)
developed at the University of Central Florida (Malocha and

Richie 1984).

FM Waveforms

In general, an FM vaveform, Xpy(t)+ can be represented by

the equation (Ziemer and Tranter 19§5)

t
Xpy(t) = A cos [w it + (K, i‘ m(T)dT + ¢_)] (5)




where:

®(T) = the modulating signal

>
[ ]

the peak amplitude of carrier

W, = the angular frequency when m(t) is zero
I(f = the frequency deviation constant
¢, = the initial phase

The phase deviation, ¢(t), of Xpy(t) is
t
d(t) = Kf S m(T)dr + ¢ (6)
o o

The instantaneous frequency, wi(t). of xpu(t) is found by taking
the derivative of the bracketed term in equation (5) with respect

to time which yields
mi(t) = w, +Kg m(t) (7)

Linear FM
Linear FM is an FM waveform whose instantaneous frequency
changes in a linear fashion with respect to time. Figure 1 shows
the modulating signal used to accomplish this. Note, the
remaining equations (8-16) in this chapter are only valid from O
to T since they represent pulses, not continuous waveforms. The

linear FM modulating signal, mLFM(t). is given by the equation

at
mLFM(C) =T (8)




i0

The instantaneous frequency of the linear FM waveform, wLFH(:)

is found by substituting equation (8) into equation (7) to yield

aKft

mLFM(t) =w, + g (9)

The phese deviation of the linear FM waveform, ¢LFH(t). is found
by substituting equation (8) into equation (6) and performing the
integration such that

o o (t) = bt FE N ¢
LFM 2T o (10)

Now, the linear FM waveform, XLFM(t). can be written by
substituting equation (10) into equation (5), which yields

a&Ke o
me(t) = A cos (.t + 37 ¢t ot ¢, (11)

Non-Linear FM
This new non-linear FM uses a shifted form of the Blackman
function as the modulating signal of the FM waveform (Booher
1985). Shown in Figure 2, the modulating signal of the new non-

linear FM waveform, (t), is represented by

PNLFM

mNLFM(t) = a{0.43 + 0.5 cos[ﬂi%:zl] + 0.07 cos[gﬂi%:zl]} (12)




nlt)
L
I
i
|
I
l
l
t
1
Figure 1, Modulating signal for linear FM.

Figure 2.

-t

Modulating signal for new non-linear F4d.

11
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The instentaneous frequency of the new non-linear FM waveform,
NNLFM(t)' is found by substituting equation (12) into equation

i (7) to yield
E mNLFM(t) - wc + axf{0.43 + 0.5 cos[EA%F!)q + 0.07 cos[zﬂi%:zl]} (13)

The phase devistion of the new non-linear FM weveform, ¢NLFH(t)‘
is found by substituting equation (12) into equation (6) such

that

(14)

ak f {0.43 + 0.5 coa[ESl;!l]-+ 0.07 cos[—ESI—!l]}dT + ¢

Pypn(t) = aK¢

Performing the required integration yields

(15)

b (E) = K {0.43¢ + 23T [M] + 2.07T °7T sin [—'w—u]} + 6,

Finally, the new non-linear FM waveform, X H(t). can be written

NLF
by substituting equation (15) into equation (5), which yields

xNLFM(t) = A cos{?ct + aKf{0.43t
(16)

4 05T in[“(t 4)] + 0.

= 227T sin[znétfll]} + ¢°}

Design Characteristic Waveforms

In general, it is very difficult (if not impossible) to

physically see the varying frequency of practical FM waveforms.
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For this reason, coaputer plots of the actual designed chirped
vaveforms will not be included, though a hypothetical example of
an up-chirped linear FM waveform (Figure 3) and a V-chirped
linear FM waveform (Figure &) has been included for pedagogical
purposes, The waveform of Figure 3 chirps from 40 MHz to 100 MHz
in spproximately 0.1 usec, while the waveform of Figure 4 chirps
from 40 MHz to 100 NHz then back to 40 MHz in approximately 0.1
usec. The vaveforms of the actual designs chirped from 60 MHz to

80 MHz in approxinately 3 usec.

Frequency Responae of the Filters

The spectrum of the linear FNM waveform can be represented in
closed form (Cook and Bernfeld 1967). Normalized amplitude plots
of the linear and nev non-linear FM spectra are shown in figures
5 and 6, respectively. These plots were sccomplished by
performing an FFT on the actual time waveforms used in the SAW
device design.

The frequency responses of the receiving (matched) filters
were found by multiplying the impulse response of the
transmitting filter with that of its corresponding natched
filter. Figures 7 and 8 show the frequency responses of the
matched filter outputs. It should be noted that since the new
non-linear FM actuslly has two peaks, linear FM would perform

better in terms of velocity resolution,
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Figure 6. Frequency response of an up or down chirped

non-linear FM waveform,
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Time Reaponses of the Matched Filters

Tha time response of the matched filters (the
sutocorrelation function) is found by taking the inverse FFT of
the corresponding matched filter frequency response. MNatched
filter outputs for linear and the nev non-linear FN wvaveforms are
presented in figures 9 and 10 respectively. The sidelobe level
of the linear FN is spproximately 13.7 dB down, while that of the
non-linear FN is only 7.6 dB dowvn. In this case, the lineer FX

provides better range resolution.
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CHAPTER 1V
DOPPLER SIMULATION

The Doppler effect can be simulated on a computer by
shifting the center frequency of the transmitted pulse and
processing the resulting signal through the originnl matched
filter. This was accomplished by taking the FFT of the frequency
shifted up-chirped waveform, and multiplying it with the FFT of
the original down-chirped waveform. An inverse FFT var hen
performed on the product to yield the desired Doppler shifted
wrtched filter response. The simulation was performed on both
linear FM and the nev non-linear FM waveforms for several Doppler
frequency shifts (fD). and on the V-chirped versions of the
vaveforms.

Distortion effects on tie output of the ariginal matched
filter caused by Doppler shift conditions are loss in peak
emplitude and a time shift of the waveform. For linear FM, the

smplitude degradation is essentially bounded by a triangle with

its baseline extending from -T to +T. This trisngle is the auto-
correlation of the rectangular envelope used and this
relationship is a property of the linear FM waveform. For fD
less than half the total chirped bandwidth, a good approximation
for the time shift, ts' of the linear FM waveform is (Cook and

Bernfeld 1967)
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f
D
ts " - z? T (17)

Both of these distortion effects can be easily verified from the
linear FM Doppler simulation presented here.

All of the following plots are of the matched filter output
%u for the Doppler frequency indicated. The center frequency of the

receiving filter was set at 70 MHz, the dispersion time at 3

usec, and the bandwidth at 20 MHz, The center frequency of the
Doppler shifted pulse was set at 70 MHz plus the indicated
Doppler freguency shift, the dispersion time at 3 usec, and the
bandwidth at 20 Miz.

Figures 11 and 12 are for a Doppler frequency shift of 0,
for linear FM and the new non-linear FM respectively., The
following plots in this simulation are scsled to the peak
amplitudes of these two in order to show the relative amplitude
degradation due to the Doppler shifts.

Figures 13, 15, 17, 19, and 21 represent Coppler frequency
shifts of +1, +3, +5, +7, and -5 MHz, respectively, for the
linear FM. The resulting Doppler distorted waveforms sre as
predictad by the triangular envelope for amplitude dugradation
and equation (17) for the time shift, The results are summarized
in Teble 1.

The Doppler distorted waveforms for the new non-iinear FM

are presented in figures 14, 16, 18, 20, and 22 for the same
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respective Doppler frequency shifts used in the linear FM

simulation. These results are summarized in Table 2.

TABLE 1
DOPPLER DISTORTION EFFECTS ON LINEAR FX

27

DOPPLER FREQUENCY AMPLITUDE DEGRADATION TINE SHIFT

(MHz) (dB) (usec)
1l 0.45 -0.15
3 1.41 «0.45%
5 2.5%0 -0.78
7 3.74 -1.05

-$ 2.50 +0.75
TABLE 2

DOPPLER DISTORTION EFFECTS ON THE NEW NON-LINEAR FM

DOPPLER FREQUENCY AMPLITUDE DEGRADATION TIME SHIFT

(MHz) (dB) (usec)
1 3.84 -0.12
3 8.12 -0.30
5 9.39 =0.48
7 2.86 -0.68
-5 9.39 +0.48

Though the amplitude degradation due to Doppler shifts is
much more severe for the new non-linear FM, a significant

improvement is seen in terms of time shift distortion. This
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characteristic could be exploited to yield a system which is
capable of detecting a larger range of velocities at the expense
of more powver in the transmitted pulse,

Another significant characteristic is that the sidelobes on
one side (the side toward the zero velocity point) for the new
non-linear FM waveform have virtually disappesared when subjected
to Doppler shifts. This provides information not immediately
spparent in the linesr FM waveform. First of all, it serves as a
flag to indicate whether a target is moving or not. Secondly, if
the target is moving, it indicates vhether it is moving toward or
svay from the radar.

It should be noted that equation (17) applies to a system
in vhich the transmitted pulse was an up-chirp and the matched
filter impulse response was a down-chirp. If the system were
reversed such that the transmitted pulse was down-chirped, the
time shift would be in the opposite direction. If the
transmitted pulse chirped up and down (V-chirp), then there would
be 8 shift in both directions.

The V-chirp offers a means of measuring target velocity
wvithout the need for a bank of narrow band filters. When a
V-chirped pulse meets a moving target, the resultirg matched
filter output has two maxima due to the Doppler effect vhich are
symmetric aboui the zero velocity point. This essentially

creastes its own reference point from which the time shift can be
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measured and the velocity computed. Actually, the V-chirp
measures speed, not velocity, since there is no way of knowing
for a given maximum, whether it was caused by the up- or down-
chirped portion of the pulse, thus losing the sense of target
direction. Also, due to the presence of two maxima, target
resolving capability is limited.

Figures 23 and 24 sre for a Doppler frequency shift of 0,
for linear FN and the new non-linear FM respectively, Figures
25 and 26 represent a Doppler frequency shift of -5 NHz and are
scaled to the peak amplitude of their respective O Doppler
frequency shift waveforms in order to show the relative amplitude
degradation. Tables 3_|nd 4 sumnarize the results of the Doppler
simulation for the linear V-chirp and the new non-linear V-chirp,

respectively.

TABLE 3
DOPPLER DISTORTION EFFECTS ON V-CHIRPED LINEAR FNM

DOPPLER FREQUENCY ANPLITUDE DEGRADATION TIME SHIFT

(MHz) (dR) (usec)
0 0.00 0.00
-5 8.92 0.40
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TABLE 4
DOPPLER DISTORTION EFFECTS ON V-CHIRPED NON-LINEAR FN

DOPPLER FREQUENCY ANPLITUDE DEGRADATION TIME SHIFT

(MRs) (a») (usec)
0 0.00 0.00
-5 1‘ c“ 0.26

As before, linear FN offers less smplitude degredation,
while the nev non-linear FN provides less time shift diatorticm,
For V-chirp, this time shift distortion is sctually desired,
since it is used to compute velocity. Also, no range error is
introduced vhen the midpoint between the two maxime is taken as
the reference. Again, if the need for & wore dynamic range of
velocities exists, perhaps the nev non-linear FN should be

considered.
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CHAPTER V

SAW DEVICE DESIGN CONSIDERATIONS

The linear FM and the newv non-linear FM time waveforms can
be completely described mathematically in a relatively simple
form. In contrast, the wathematical representation of the
frequency spectrum of these signals is very complex and
approximations must be used in the derivation. Impulse response
model design of SAW devices lends itself very well to this
situation because of the correspcadence between the location of
the c€lectrodes on the transducer and the signal generated by an
impulse of acoustic energy traveling under the electrodes

(Hartmann, Bell, and Rosenfeld 1973).

Criticel Points of the Chirped Waveform

The proper positioning of the transducer electrodes is
dependent on the lo:ation of the positive peaks (peaks),
negative psaks (valleys), and nulls of the waveform, The
distanc2 between electrodes will vary proportional to the

changing frequency.

Ciosed Form Solution
For the linear FM waveform, the critical points can be found

in closed form, By normalizing equation (11) and allowing the

33




initiel phase, ¢°. to be -1/2, the following form of the

equation is realized
u .2
X.Lm(t) sir (wct +35t9) (18)
vhere U = aK./T is the chirp slope. The peaks of the waveform

are found when xLFH(t) is equal to 1. Allowing tp to represent

the time at which the peaks occur the equation becomes

sin (wctp + §_t°2) =1 (19)
which can be written as
3 tpz *ut - sin"l(1) = 0 (20)
or simply
-lz‘ltpz + wctp - (le + 2n7) = 0 (21)

where n is an integer and accounts for multiple peaks, Using the

quadratic formula to solve for tp and ignoring the negative root

yields

v 2
- wc + w, + un(4n + 1)

tp - " (22)
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The valleys and nulls of the waveform can be found in a similear

mattir‘by setting X .. (t) in equation (18) equal to -1 and O,

LFM
respectively. The results of doing so gives

- /2 -
wc + wc + un (l}n 1)

- e (23)
tv "
and
t = —=5 (24)
n Y ,

where tv and tn represent vhen the valleys and nulls of the
wvaveform occur,

A closed form solution for the critical points of the new
non-linear FM vaveform is not as easy. From equation (16), it
can be seen that finding the critical points is no longer a
matter of solving a simple quadratic. It was suggested by Booher
(1985) that this task could be accomplished using an iterative
approach of oversampling. Although this approach is valid, a

more efficient way of doing this is possible.

The Walkerdid Algorithm
Although this algorithm was developed for finding the
criticel points of the new non-linear waveform discussed in this
thesis, it can also be applied to linazar FM or other non-linear

FM waveforms. The slgorithm is applied to the up-chirped

35
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(increasing frequency) form of the FN equation., Symmetry is used

if the desired critical points were for the down-chirped or
. V-chirped form of the equation,
First, define Td as the desired amount of dispersion time in

the waveform and Ta as the actual amount of dispersion time it

o e

takes t > go from the minimum to maximum frequency and such that
the final waveform starts on a null and has positive slope and
ends on & null and has negative slope as shown in Figure 27. For
up- or down-chirped waveforms, Ta is approximately equal to Td
and for V-chirped wavcforms, Ta is approximately equal to Td/2.

; Letting xu(t) represent the up-chirped waveform, xd(t)

;, represent the down-chirved waveform, and X (t) represent the

V-chirped waveform, symmetry suggests

Xy(t) = X (Ta - t) (25)
i

T

@ and

) 0<t<Ta

f xv(t) - (26)
[- xu(ZTa-t) Ta <t < 2Ta

For hp o7 down-chirped linear FM, the value of Ta, (Ta ),

LFM
is found by evaluating equation (18) for t = T“LFM and setting

it equal to zerc (want to end on a null) such that

sin [(w_+ % Ta, o) T8 ;) = 0 @n
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(b) down-chirped wvaveform
(c) V-chirped weveform

37

PR AR AL SRR R LA AL R A R EA M A MR S M EA AR MMM - mea e

- e o e s = e e




i
[
i
i
i
0
|
|
b

Now, noting that U = axf/T = aKt/ThLP“. equation (27) is written

as
&K
sin [(wc + -5-9 TaLFM] =0 (28)
or
k¢
Tal‘m(wc + -2—) - nmT (29)

The requirement that the waveform ends with negative slope is met

by restricting n to only odd values snd solving equation (29) for

T‘LFH such that

- (2n_+ 1)~

T (30)
vt &)

Tapm
Next, solve equation (30) for n

aKg
. (we + =57 Tarem

o (31)

™

For T'LFH approximately equmal to Td, Td is substituted into
equation (31) in place of T.LFN and ™ N is chosen as the closest

integer (CINT) to n resulting in

ak
T

N~
[ =)

(32)

ey " T




Now, using n ey in Place of n in equation (30) yields

(2 + )7

f
ve + 0

For V-chirped linear FM, Ta (Ts “) is found by evaluating

VLF

equation (18) at t = Ta and setting it equsl to 1 so that

VLFNM

the vaveform is symmetric about Ta and there is no sudden

VLFM
phase reversal, No restriction is placed on n in this case

because T‘VLFN can occur at any peak. In & similar manner as

above, except now Td/2 replaces Ta vhen solving for n, "VLFH can
be shown to be
ak
W, + —21) I
Ny = CINT [ A - 3l (34)
and T‘VLFH is found as
(20, oy + P
T‘VLFM - (35)

2t
(mc + 2 )

The value of Ta for the new non-linear FM waveform is found
when equation (16) is normalized, the initiel phase net to -T/2,

and Ta substitutad for t, yielding

XNLFM(Ta) = gin [(u)c + 0.43 aKf) Ta] (36,
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Following the same procedure used for linear FH.'tht valuss of Ta

and n for up or down-chirped non-linear FM can be shown to be

(w + 0.43 aKf) Td

- < - L
oy = CINT [ ™ 2] (37)
. ) Qo oy + DT (38)
WL T 0,43 ek
c f
and for V-chirped non-linear FM
(w, +0.43 &k) Td
nynppy = CINT | = - 5 (39)
@ +3
OyNLRM 2

ToynLEe ™ To_ + 0.43 &) (40)

in the up or down-chirped waveforms, the value n+l
represents the total number of nulls, (n+l1)/2 is the total number
of peaks, and (n-1)/2 is the total number of valleys. For the
V-chirped waveforms, 4n+2 represents the total number of nulls,
2n+l is the total number of peaks, and 2n is the total number of
valivys,

Now, knowing that the first critical point (a null) is at
t=0, the functior is increasing in frequency and the next

criticsl point .- a peak, the Walkerdid algorithm can be

implemented.
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Call the location of the currently known critical
point tl.

Find the instantaneous frequency at tl and call
it £..

1
Cslculate t, using t, = (t1 + llbfl). Since the
frequency if increasifig, t, vill belslightly past
the next criticel point.

Find the instantaneous frequency at tz and call
it £,.

2
Calculate t, using ty = (¢, + 174f,). Since f
is higher than £ , t_ will ocecur siightly before
the next criticli point.

Calculate the argument of the chirped vaveform at
t, and at t, and call them arg, and arg,.
rzlpcctivclg.

Cslculate y, and y.. If the currently unknown

crit.cal point is 2 pesk or valley use y, =

cou(argz). Yy " cos(arg,.) othervise use =
sin(arg,), y.= sin(arg ?. The nulls of cﬁe
vavofori occar vhen thi function goes to zero,
the peaks and valleys occur when the derivative
of the function goes to zero.

Using linear interpolation calculate the value t
from the equation t = t, - yz(t‘-tz)/(y “¥Ya)e
This step essentialy ‘hgnel' in“on"the gurzently
unknown critical point.

Calculate the argument of the chirped waveform at
t and call it arg.

Calculate y, If the currently unknown critical
point is a pesk or valley use y = cos(arg),
othervigse use y = sin(arg).

If y=0 go to step 15.

If the 3ign of y equals the sign of Yoo let Y, =Y

and tz-t.

If the sign of y equals the sign of Yqo let Y=Y

and tant.



42

Step 14: Go to step 8.

Step 15: Store t as the current critical point., If t is
less than Ta then goto step 1.

Step 16: If the desired critical points were for
dowvn=chirped or V-chirpud waveforms, use the
symmetry esquations (23) and (26) to adjust them,
End,

Structural Layout of Transducers

The transducer's geometry and the vaveform are related by
the acoustic veloecity, v.. of the substrate. The wavelength,

A, can be calculsted from

A== (41)

The correspondence between the vaveform and structural layout of
the dispersive transducer used in the design is shown in Figure
28. Double electrodes werc used to help reduce reflections. The
x-position of each electrode corresponds to the midpoint between
critical points., In order to maintain s 50X duty cycle
(spproximately equal spacing and electrode widths) the
instantaneous frequency, fi' corresponding to the electrode's
x-position must be calculated, The widths of the electrodes are
Aila. vhere AL represents the instantaneous wavelength.

In order to acccount for the frequency dependence on the
output of the SAW device, the transducer must be properly

apodized. For an even crested waveform, this apodization is
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dependent on !.'1(':)"3/z

+ that is the amplitude of output is
inversely proportional to the instantaneous frequency (Hartman,
Bell and Rosenfeld 1973). The largest smount of overlap, the
scoustic beamwidth “a’ occurs at the lowest frequency and was
chosen &3 100 Xo (the wavelength at the center frequency). The
amount of overlap corresponding to each peak and valley vas
found using fi'slz. then normalizing to W_. These overlaps
were then used to determine the y-position and height of each
electrode. Figure 29 shows the effect of the apodization,

In order to maintasin 50X metallizstion, dummy electrodes are
used. These dummy electrodes were placed such that the electrode
gaps were Ailo. Bus bar heights were chosen large enough (10
mils) to allow for bonding without having to add additional
bonding pads. Figure 30 shows the transducer wvith dummy
electrodes.

The width of the non-dispersive transducer was choscn to be
1.5 Ao' The Jdistance between transducers was 50 ails and a 10
mil wide bar was placed midway between transducers fov help reduce
RF feedthrough., Figure 31 shows the complete SAW device.

The FORTRAN source code used in the design of the devices is
provided in the Appendix. The files created are in SAWCAD
STRUCTURE format (Malocha and Richie 1984). The varisble ISNUM
is the dimension of the X, Y, W, A, IREP, XD, and YD arrays where

X = horizontal position of the lower left-hand corner
of the rectangle
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Figure 28. Waveform to transducer correspondencs.

Y

Figure 29. The effect of apodization.




Figure 30.

Figure 31.

The placement of dummy electrodes.

Il

The SAW device with both tranaducers,
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Y - vertical position of the lower left-hand corner
of the rectangle

L] = width of the rectargle

H - height of the rectangle

A = angle orientation (alvays 0)

IREP = number of incrementsal repetitions (always 1)
XD = incremental step in the X direction (always 0)
YD = incremental step in the Y direction (always 0)

The devices were designed for a center frequency of 70 MNHs,
8 20 NHzs bandwidth, a 3 usec dispersion time end for fabrication
on Y-cut Z-propogating lithium niobste (502 metallization
acoustic velocity = 3448 m/s). The devices vere approximately

12.003 sm in width and 5.483 sa in height.




CHAPTER VI

DESIGN IMPLEMENTATION

Once the STRUCTURE file has been created, a photomask aust

be produced so that the devices can be fabricated., Though the

- facility for producing photomasks is not availeble at the
University of Central Florida, local industry (in this case,

SAWTEK of Orlando) often provides the necessary support.

Photomask Generation

To make full use of the photomask, the STRUCTURE files were
stepped and repeated until all of the available space was
utilized, The final product had four copies of each of the four
designs (linear FM, non-linear FM, and the V-chirped versions of
each) plus some additional designs by other students, The format -
of the STRUCTURE data had to be converted to a format known as
ELECTROMASK in order to be understood by the pattern generator,

ELECTROMASK data uses a body centered coordinate system,
assumes dimensional data is in units of tenths of microns and
sngle data is in tenths of degrees, and has maximum aperture
limitations. The subprogram, SBREAK2, wcs written to convert
| general STRUCTURE data (to include' any arbitrary angle arnd any

number of repeats) to ELECTROMASK data and is included in the

Appendix,
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Fabrication
The fabrication of devices was accomplished using the new
clean room facilities at the University of Central Florida. For
e detailed explanation of the fabrication process see Vigil and
Yapp (1984). Briefly, the process consists of the following

stepe:

1) Clean the lithium niobate wafer.

2) Deposit aluminum using flash evaporation or sputtering
techniques.

3) Apply photoresist to the metallized surface and soft
bake.

4) Use the mask aligner to make contact between the wafer
and mask, then expose to the ultraviolet source.

5) Develop the wafer to remove the exposed photoresist,

6) Place the wafer in an aluminum etch to remove the desired
metal.

7) Dice the wafer to separate the individual devices,

8) Mount the devices to a header.

9) Bond the devices to the header.

10) Apply absorbing material to the ends of the devices to

reduce edge reflections.

A few problems were encountered during fabrication which
would affect the performance of the devices. One such problem
was the inability to achieve a smooth layer of photoresist in

step 3. This resulted in a number of fingers on the devices

being open or shorted. Another problem was created back when
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the STRUCTURE data wvas stepped and repeated., There should have

been enough distance left between the devices to allow for a
sufficient amount of absorbing material to be placed at the ends

of the device.

i
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CHAPTER VII

CONCLUSIONS

Fundsmental radar concepts have been reviewed, emphasizing
the need for matched filtering and the desirable characteristics
of the transmitted pulse and its autocorrelation function. A new
non-linear FM pulse compression technique has been reviewed using
linear FM as the basis of comparison., A simulation of the
‘Doppler effect on the matched filter output has been
accomplished, including the effects on V-chirped signals. SAW
device design considerations have been presented and an efficient
algorithm for finding the critical points of a chirped waveform
vas introduced. Computer software was written and is presented
in the Appendix to implament the SAW device design and the
subsequent conversion of data for photomatk generation. SAW
device fabrication was briefly reviewed.

The Doppler simulation showed that the new non-linear FM,
unlike linear FM, could be used as a moving target indicator by
examining only the matched filter output in the time domain.
Furthermore, the newv non-linear FM offers more Jdynamic range than
the linear FM because the time shift is less than that of linear
FM,

In conclusion, it is recommended & new photomask be produced

vhich provides a layout allowing for a suf~‘cient amount of




z
x
4
¢
,

' Also, & simulation which includes the combination of the new

-non-linear FM with windowing snd the Doppler effect may add to
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absorbing material to be placed st the ends of the devices.

the resolution capabilities of the pulse., Further research could
include the nev non-linear FM's potential in a multiple target

enviromment,




APPENDIX

COMPUTER PROGRAMS




700

program chirpy

date of last revision: 09-16-86

for more information contact: D.C. Malocha
J.C. Walker

program chirpy

character*l ask
common/pat1l/ x(6000),y(6000),w(6000),h(6000),a(6000),
1!'09(6&),“(6@)0(!(6@),1:”,1“!

& MENU **

call cls

write(® *)
write(* *)
write(® %)
write(®, *)
write(® %)
write(®, %)
write(* *)
write(¥ *)
write(% %)

]
L]
[ ]
[
: (Clreate File!
]

L]

L]

write(* *) : '

]

1]

(]

L]

[ ]

1

]

[Plrint File*
[S]ave File'
write(® *) [QJuit®
write(*, *)
write(® *)
write(® *)
write(¥, *)
write(*,*)
write(* *) ' Enter Choice'
write(® *) ' ¢
read(*,600) ask

format(al)
if (ask.eq.'c'.or.ask.eq.'C') call create
if (ask.eq.'p'.or.ask.eq.'P') call pmt
1f (ask.eq.'s’'.or.asx.eq.'S') call savit
if (ask.eq.'q'.or.ask.eq.'Q') goto 700
goto 500

stop
end

Dispersive 5/W Device Design'

subroutine cls

do 800 1-1,22
write(®,%)"
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1
)

1000
1100

1200

continue
return

subrouwtine Create
character®*l ask

cosmon/patl/ x(um),y(eom),u(um).h(amuueooon

1@(6@),&(6@ »¥d(6000) , Lsrum, iref

oft,ife 1): sta,vi,wl

rul ttn(m).ov( ),n(
& INPUT & VERIFICATION ¥

call cls

write(®,*) * ¢

write(*,*) ' 1) Linear '
write(®,*) ~ z) Non-Linear FM'
vrite(®,*) ' °

urite(* ®) ¢ mcr Choice (1,2)'
write(¥ )

read(*,}) 1€n

1f(1£-.ne 1.end.ifm.ne.2)then

write(*,*) ' input error - try agein'

goto 1100
endif

write(® *) * !

urlte(* *) '1) Up or Down Chirp'

write(*, k) 12) W Chirp'

wﬂ.te(* *)

wrlte(*,*) ' Enter Choice (1,2)'

N

re i

write(h,®) ¢ 00

1f(1lhlpe.ne l.arld ishape.ne.2)then
write(¥, %) ' input error - try again'
goto lZ(X)
endif

write(® *) * ¢
m‘tte(* *) ' Minimm Frequency ( Miz )?'
wrlto(* L N
read(*, *) £t

write(* ®) * !

wﬁ.te(* *) ¢ Hlxll.- Frequency ( Miz )?'
wrlte(* *) !

read(*, *) fht

write(® *) ' !
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1300

1400

At B = M & it -\ |

write(*,*) ' Dispersion Time ( usec )?'
write(®,*) ' *
read(®, ®) tdt

write(®,w) ' 1
write(*,*) ' Data in units of : 1) wevelengths'

write(®,¥) ¢ 2) willimeters'
write(® *) ! J) micrometers'
urtu::.:; - 4) mils’

write

wr:ge::::; ' Enter Gholoe (1,2,3,4)"

vrite

read(*,*%) iscale

if(iscale.lt.1.0r.iscale.gt .4)then
write(*,*) ' inpu. error - try again'
goto 1300

write(w #) 1 ¢

write(* *) ' SAW Velocity ( meters/sec )?'
write(® ) ! ¢

read(*,*) va

call cls
if(1shape.eq.1)write(*,*) ' Up or Down Chirped'
1t‘(1shag:.eq.2)wlte(*.*) ' W Chirped’
write(w %) ' ¢
if(1fm.eq.1)write(*,*) ' Linear FN'
1£(1fl.ea.2)wlte(*,-*) ' Non-Linear FM'
write(k ®) ' 1
write(* %) ' Minimm Frequency = ',flt,' MHz'
write(® %) ' ¢
write(*,*) ' Maximum Frequency = ',fht,' MHz'
write(* %) ! ¢
write(* %) ' Dispersion Time = ',tdt,' usec'
if (1scale.eq.1) write(¥,*) ' Units = wavelengths'
if (iscale.eq.2) write(*,*) ' Units = millimeters'
if (iscale.€3.3) write(*,*) ' Units = micrometers'
if (iscale.eq.4) write(*,*) ' Units = mils’
write(k ¥*) '
write(*,*) ' SAW Velocity = ',va,' meters/sec'
write(* %) * ¢
write(*,¥*) ' ¢
write(¥ *) ' Is this correct (y/n)?'
read(*,14600) ssk

format(al)
if (ask.eq.'n'.or.ask.eq.'N') goto 1000
write(® %) ' !
write(®,*) ' ¢
write(*,*) ' PROCESSING'

*h INITIALIZATION w*
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g{-a.onmu.m
- Oeb

fhefhtt, 0!6
tdetdei

if (hhlpt cg:) td=td/2.0

ak£=2,0%pi*(
1=2.0%pi*fL
wh=2.0Mpd %

if (l.fl. Jl.and

d* (0, 5*£1+0. 5

tl-(! W’l.O)/(fl’ﬂl)

if (tf‘o -l.llﬂ {isha
0.5%£1+0.5

+2) then
):3.25

tl-(g «0Mne0.5)/{£1+fh)

endi.
if (ifw.eq.2.and.isha
r=td*(0.57*£1+0.

.«);.l) then

::;(2.0'11*1.0)/(1.16%1*0.86*&)

if (ifwm.
netd* (0. S7%E1+0

2.and. ish:gsfﬁq «2) then

)+0,25

ta=(2.0%n+0.5)/(1.14%£1+0.86*fh)
endif

if (isha .eq 1) then
nf-ls*mz
endif
1f (ishape.eq.2) then
m+2

‘nf=8tn+2
endif

1ismum=2"nf+17
fo=(£1+fh)/2.0
rlo=va/fo
he t-lw 0 '
1 *rlo

54/rlo '
d-O w127/rlo !
utwe1.5 !

Acoustic Beamwidth in wavelengths

bus bar height is 10 mils
50 mils between transducers

urweighted transducer is 1.5 wavelengths wide

** CALONATE NULLS, PEAXS & VALLEYS **

time(1)=0.0
t1-0.0
do 1700 1=2,ncp
=i
t=tl ¢
call freq
f1-£f1
€2=t1+17.0/64.0/f1
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1499
1500

1550

1600
1700

1800

1900

37

il ¢

ca

f2gt

ﬁ’l%('/ 0).gt.(1/2)) ypos=sin{arg)
Tiks . L) =3in ll"

if ((r/2.0).eq.(1/2)) ypos=cos{arg)

R (IR

tst)

:;l}(. 0) (1/2)) ypos=sinlarg)
r/2.0).gt. =sinlarg

if ((r/z.m.::.u/zn ypos=cos(arg)

( ’Fy?o.z). ~sgn( 3)) then
:ﬁ‘u e *) ’&n&nyﬁ:m specifications cannot be set!'

write(¥ *) * try either a longer dispersion time'
write(¥, *) or smaller bandwidth.'
write(w *) * ¢
write(®,*) ' ENTER < ONTRL > ¥ to return to system'
goto 1499
mm!u *(E3-t2)/( 3-ypos2)

tut 2~ t3-t -

if (t.eq.t2.0r.t.eq.t3) goto 1550

call arg.-ent

1€ ((r/2.0).gt.(1/2)) ypos=sinlarg)

1€ ((r/2.0).¢q.(1/2)) ypos-cos(arg)

if (sgn(ypos).eq.0) cl.t

if (cgn(ypoc).cq.sgn(ypos!)) then
tdst

ypos2=ypos
endif

if (sgn(ypos).eq.sgn(yposl)) then
3=t

ypos3=ypos
f (eﬂﬂs 500, 1600, 1500
i 1
i e
1f (abs(ypos3).lt.abs(ypos2)) t1=-t3
time(1)=t1
continue

1f (ishape.eq.l) goto 1900

do 1800 tl,(ncp- ) ! use symmetry for "V Chirp
time{ncp+i)=2.0*ta-time(ncp-1)

continue

** OVERLAPS **

ovmax+0.0
do 2000 {-2,nf,2
t=time(i)
if (ishape.eq.2.and.t.gt.ta) t=2.0%ta-t
call £
ov(1/2)=tivR(~1,5)




R i T

2100

2230

230

NDONO

1f (ov(1/2).gt.ovmaxn) ovmax=ov(i/2)
contime

do 2100 1.2,nf.2 ! nosslise to acoustic beamsidth
w(m)-whmlmtu
continue

& WIDTHS & X POSITIONING w&

do 2200 1=1,nf
g—(:whmmu‘mlz
ot

1
1f (ishape.eq.2.and.t.gt.ta) t=2.0%a-t

call £

»(:)-1373.0/:1-&

winf+l )ua(l)

x(i)=t1*fo-w(1)/2.0

ninfef )ax()
contimnue

¥ HEIGHTS & Y POSITIONING Wt

rkeheight+1.0 ! vk is the distance between bus bers

hi1)=(rkeov(1)+bth)/2.0

HER oy S

y 2 3 * . .

y(nf+1)bbh/2.0

do 2300 {=2, (n€-2),2
(1 )urkeov(i/2} +bbivhii-1)
R{nf+1 )=rkebbh-hii)-wii)
h(1+1)=h(i)
h(nE+L+1)=h(nf+1)

rui

i€ ((r/4.0).gt.(1/4)) then
yu)-buﬁ.o
y(nf*l)-rk‘3.m'l/2.0‘h(nf‘u
endif

if ((r/4.0).eq.(1/4)) then

y(1)=rk+3,0%bbh/2,0-h(1)
y{nf+i)=bbh/2.0
endif

ylitl)ayll)
y(nfeiel)ay(nfel)
continue

h(nf )arksov(nf/2)+bbh-h(nf-1)
h(2Z%nf )ark+bbh=h(nf ) -w(nf)
y(nf)=bbh/2.0

y{(2%nf }=rk+3.0%bbh/2.0~h(2%nf )

Make sure it's ok. If an electrode less than half
the bus bar height then we need more distance between
bus bars to make it implementable (though this

not guarantee a practical design).

the
doss

L oot —_———
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g‘ﬁ fe1, (2%F)
1f (hi}.1t. (5h/2.0)) then

iflag=ifleg*l
-m'f
Tl .0 oo

mg'fo

1f (rk.gt.2.0%w ) then
vwrite(®,#) 'dlatance between bus bers is now:'
write(®,*) rk‘ ' vavelengtin'
Hl'lt.(*.') '
write(* *) ‘acoustic beawwidth is:'

write(®, *) he ‘vavelengthe'
write(®,#) * Dt

:&Fg(*.*} ‘Enter < ONTRL Y > if you went to abort'

22%
it

o RIS BARS **

x(2nf+l)s -0.25

x(2¥nf+2)= -0.25

1f (ishepe.eq.1) w(2%nf+])=ta*fo+0.5

if (4 +0q.2) w(2%nf+1)=2,0%a*f0+0.5
w(2%nf+2)mm( +1)

R(2%nf+1)=bbh

h(2%nf+2)sbbh

y{2%nf+1)=0

y{2%nE+2)=rk+bbh

& NON-DISPERSIVE TRANSDUCER **

w{20nf+3)wa{ 20Nl ) +d*0.8
x( 20 +4 ) a(2%nE+2)+d%0.8
w(2infe+3)sutwed*0.4

h{2*nf+4)=bth
y(2%nf£+3)=0.0
y{2%nf+4)=rk+bbh
do 25;!)‘1-1,(&»*&)
b ¢ UJ
R(2nEedel Jax(2nf+3)+1.0/16.0+(ri-1.0)/4.0+d%0,2
w{Z*nf+4+41)+1.0/8.0
h(Z%nf+4+41 ) (rictheight +bbh) /2.0
if (i.eq.1.0r.i.eq.4.0r.1.69.5) then
m\m’u-ma.m JO-h{2%nf+bel)

if (1.eq.2.0r.i.eq.3.0r.1.0q.6) then
y(2Z*nf+4+1) 2.0
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e

27200

3100

endif
R(TnE+1008 )on(20nEodel)
w2nE+100 )=1 .0/'.0
h(%’l&l)-w(zyﬂ’g;-l +0/8.0
L3 OF. .“l Ol .
gmmym o

1‘ (‘o RE NH <J.or.d. &)
y(2%d 41041 )mrie3. o-h(zmmom
endif

contime
x(ismm=-2)w{20nf+1)+0.4Nd
wiiormm=2)«d/5.0
h{isrum-2)=rk+2.0%bh
y(isnm-2)<0.0

* SORTING **

do 2600 t=1,(isram~-2)
s{t)ex(i)

contirue

x{1)=a{2%nf+1)
x(2)=s(2%nf+3)
x{3)es(2¥nf+k)
x(A)=s{2%nf+2)

go:mo 1=5,(2nf+3),2

1
:’Jf;-.m
contine

gg:b %—6.(2‘%\{%).2
xd‘)-o(j)
continue
x(2¥mfe5)es(isrum-2)
3;2*«\(06
2900 {=(2%nf+6),{iamm-3),2
J-g'l
n(1)=slj)
continue

Tenf +h utwil
3000 l-(M#?) (isrm-2),2

x(f. )=s(}j)
contimnue
do 3100 i=1,({smm-2)
s{i)=y(i)
continue
y(1)=g(2%nf+1)
y{(2)e3(2%nf+3)
y(3)=a(2%nf+4)
y{4)=s(2#nf+2)
=0




3200

3300

3600

3700

3900

4100

do 3200 a5, (2%nf+3),2

j- 4‘1
y(f)-s(j)
continue
=nf .
3300 i=6,(2Mf+4),2

- i+l
3(*)--(1)

continue

y(2'nf+5)ug(1srmm-2)

J=2*nf 44

oo 3400 {-(2*nf+6),(1snun—3),2
CREd

3(2)-3(j)

A continue

=2%nf +4+utwks .0
3500 1=(2%nf+7),{ismm-2),2

.01

y(;)'l(j)
continue
do 3600 i-1,(isnun-2)

£(i)me(i)
continue
w(1)=s(2%nf+1)
w(2)=8(2%nf+3)
w(3)=8(2%nf+4)
wig)-s(z*nf*Z)

3
do 3700 1:3,(2%nf+3),2
= {41
w(i)es(4)
continue
=nf
3800 1«6,(2%nf+4),2

- 41
g(f)-l(j)
continue
w(2%nf+5)=g(1srum-2)
3;2*nf+&
3900 {=(2*nf+6), (1snum-3),2
j.i+1.
w(i)=s(j)
continue
m2%nf +4+utwhs 0
4000 {=(2%nf+7),(1smm-2),2
J=11
w(i)=s(j)
continue
do 4100 1=1,(isnum-2)
s{1)=h(1)
continue
h(1)=s(2%nf+1)
h(2)=5(2*nf+3)
h(3)=s(2%mf+4)
h(4)=s8(2%nf+2)
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=0
go 4200 1=5,(2*nf+3),2
g.i#l
(1)=8(j)
4200 eo:\élun
4300 1=6,(2¥nf+4),2

F‘l(i)-ﬂ( b))
4300 continue
h{2%nf+5)=s(isrum-2)

i-,Z*nf%
4400 1=(2%nf+6), (1smmm-3),2

Bidiesc 3

4400 continue
2%nf +4rutwts 0
4500 1=(2%nf+7),(1smm-2),2

‘ h(f)-s(j)
I contirue

[ & SCALING #*

L if (iscale.eq.1) sf=1.0
{ if (iscale.eq.2) sf=rlo*1000.0
’ if (iscale.eq.3) sf=rlo*1.0e6
1if (imle.eq.l‘) sfarlo*1.0e5/2.54
| do 4600 {=1,ismm
; x(1)=((1)-min)*sf
: y(1)=(y(1)-yuin)*sf
’ wil)=w(i)*sf
f h(1)=h(1)*af
! 4600 continve
| 4700 do 4800 i~1,ismum
: a(1)=0.0
irep(1)=-1

t »d(1)=0.0

yd(1)=0.0
4800 continue

return
end

subroutine freq

¢ This subroutine finds the instantaneous
c frequency of the chirped waveform

common/cheq/ akf,arg,fi,ifm,pi,t,ta,wi,wi
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Lf (ifm.eq.1) wiewl+akf*t/ta
if (ifm.eq.2) then
vi=wl+akf*(0,43+0, S*cos(pi*(t-ta)/ta)
2 +0,07%cos(2.0%pi*({t-ta)/ta))

endif
fi=wi/2.0/pt

return
ond

subroutine argument

Subroutine calculates the argument of chirp waveform
equation. Used by calling program to find critical
ints. If seeking a null of the wauveform, sin(arg)
s used, If seeking a peak or valley, the derivative
of the function, oocm). is used. Either way, the
calling program i{s looking for the overall result to
g0 to zsro.

common/cheq/ akf,arg,fi,ifa,pi,t,ta,wi,wl

f if (ifw.eq.1) then ‘
| arg=wltt+akf/2,0/ta*t*t
endif . !
if (ifm.eq.2) then !
argewl*teaki*(0.43%C+0, S*ta/pi*sin(pi*(t-ta)/ta)+ :
( 2 (0.07%ta)/(2.0%1 )*sin( 2*pi*(t-ta)/ta))

NoO0OOODOODN

return |
end [

integer function sgn(x)
1f (x.eq.0.0) sgn=0
if (x.gt.0.0) sgn=1
if (x.1¢.0.0) sgne-1

return !
end

subroutine prnt

common/pat1/ x(6000),y(6000),w(6000) ,h(6000),(6000), }
2 1rep(5000),xd(6000),yd(6000) , Lsrum, i ref ‘




1005
1000

‘;
|

10

[¢]

8

2000

2001

this is just a modified version of subroutine writeo
subroutine savit

cosmon/pat1/ x(6000),y(6000) ,w(6000) ,h(6000),a(6000),

1rep(6000) ,%d(6000) ,yd(6000) , i srum,iref
character filout*10

terainal input

write(6,*) ' <<< SYSTEM WRITE >>»'
write(6,*%)* '

write(6,1005)

format(x, 'ENTER cutput file name : «=> *',$)
read(5,1000,err=10) filout

format(a10)

(10,file=f1ilout,status="unknown',err=10)
c ou(lé,status-'delete')
open(10,file=filout ,status='unknown',err=10)
20

goto
write(6,%)' #** FRROR in file name - try again ***'
goto 100

initialize data

1eont-1}
itype=-
fo=1.0
tflo=-1.0
tfhi=1.0
mm=2
zero=0.0
iref=1

write out file data
write(10,2000) icont -

format(x,'icont="',15)

write(10,2001) ltyﬁ)
]

- format(x, 'itype="'

write(10,2002) fo
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2003
2004

| 2005

2006

2007

formatix,'fo =',e12.9)

write(10,2003) tflo

format(x, 'tflo =',e17.9)

write{10,2004) tfhi

format(x, ‘tfhi =',e17.9)

write(10,2005) mm
formatix,'mm =',14)

write(10,*) zero,zero
write(10,*) sero,zero

write(10,2006) isnum
format(x, 'isnum="',15)

write{17,2007) fref
format(x,‘iref =',11)

do 400 =1 {sram

write(10,%) x(1),y(1),w(1),h(1),a(1),1rep(1),xd(1),yd(1)

continue

close(10)

‘return

end
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subroutine sbreak2(rnmarik,nflash)

For information contact: D.C. Malocha
S.M. Richie
J.C. Walker

Date of iast revision: August 19, 1986

This subroutine is used when gneuting magtapes using the
ELECTROMASK (SAWNTEK) format. Structure data (Edy centered, wn)
is taken and new rectangles are generated to eliminate repeti-
tions. Angle data is resolved such that it is in *“~ range from
0 to 90 degrees; swapping height and width data if nccessary.
Rectangles are broken up into smaller rectangles if necessary
to satisfy maximum sperture limitations.

integer nrec(99)
character chstr*il
real*8 chrum

byte shuf(512,2000)

common/chconv/ chstr,chrm

cosmon/patl/ x{36000),y(36000),w(36000) ,h(36000),a(36000),
2 irep( ) ,%d(36000) , yd(36000) , isrm, i ref
common/buffer/ sbuf

common/address/ mmrec,umbyte,nrec,ntape
common/flash/ xg,yg,vg,;hg,a8,1rg,x1,xmin, max,ymin, ymax

maximm aperture for SAWTEK is 1.524 mm
apmax=15240 ! units are tenths of micrometers
pil=d*atan(1.0)
load first begining of record symbol
1f(mmrec.gt.1.or.mmbyte.gt .1)then
mumbyte=1
nuRrec=rumrec+1

endi €
{istrlen=1
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chatr(l:1)a'<’
call ldsbuf(istrlen)
maatk=rmark+l

angle data is resolved by firat putting the data in the range
from =180 to 180 degrees then adjusting the angle (and height
and width data if necessary) such that sll angle data is in the
range from O to 90 degrees (angle data is in tenths of degrees)

do 1000 i=1,ismm
500 1€(a(1).gt.1800)a(1)=a(1)~3600
1f(ali).1c.-1800)a(i)=a(1)+3600
1f(a(1).gt.1800.0r.a(1i).1t.~1800)goto 500
. if(a(i).1t.0)a(1)=a(1)+1800
( if(a(i).ge.900)then
! a(i)=a(1)-900
' w=w(i)
w(i)=h(i)
h(i)=swe
endif
1000 continue

¢ initialize

do 5000 i=1,isnum
wg=w(l)
. hg=h(1)
i ag=al(l) .
| agr=a(i)*pi, /1800 ! convert tenths of degrees to radians
trg-lr;p(i)
TWTep=
vhrep=1
wov=0
E 1£( ) then
! wg.gt.apmax
; TwTepewg/apmax+l
; 1100 wov={rurep*apmax-wg )/ (rwrep-1)
1 1f (wov.1t.10.0)then
! wrepsnurep+l

endirto 1100

wg=apmax
endif
1f(hg.gt .apmax)then
1200 :;: (nh .g‘..x’l-hg)l(rh 1)
=(nhrepTapmax rep=
if(hov.1t.10,0) then
rhrepenhrep+1

"

X
m&rw

0oOono

do 4000 §=0,(irg-1) ! repeats
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do 3000 ke0, (rerep-1)
do 2000 1-0, (nhrep~
xl-x(l.)ﬂd(l)*
yt-y(l)‘yd(l)*i
1£(agr.eq.0)then
wg=xi=-w(1)/2+wg/2+(wg-wov )k
y;-yt-hu)/zohg/zo(u-lwm

endi
xip=xi*cos(agr)+yi*sinlagr)
yip=yi*cos(agr)-xi*sin(agr)
e O
yep~ +he/ 2+
xgp*coc(ur)-m*u'\(agr)

r)# intagr)
1500 2 2)chas
mmbyte,mmrec)=",
sb\.lf(l.n-ncol)-'('
=2
MArecsTumrec+l
endif
call flash2(nmark,nflash)
continue
continue
continue
continue

load end of record symbol for last rec of file

" gaE8

istrlen=1
chstr(1:1)="',"'

call ldsbuf(istrien)
mmarkermark+1

return
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